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FOREWORD 
Understanding the nature and dimensions of the world food problem 
and the policies available to alletriate it has been the focal point of the 
IIASA Food and Agriculture Program since it began in 1977. 
National food systems are highly interdependent, and yet the major 
policy options exist at the national level. Therefore, to explore these 
options, it is necessary both to develop policy models for national 
economies and to link them together by trade and capital transfers. For 
greater realism the models in this scheme are being kept descriptive, 
rather than normative. In the end it is proposed to link models to twenty 
countries, whch together account for nearly 80 per cent of such impor- 
tant  agricultural attributes as area, production, population, exports, and 
imports. 
A model for Kenya is being developed a t  IIASA. This model will pro- 
vide a prototype for African developing countries with growing popula- 
tions and emerging development problems. 
The present report by Narayana and Shah presents the results of 
work on farm supply response in Kenya. As understanding farmers' 
behaviour in response to various possible policy instruments is a critical 
part of much of agricultural policy analysis, this work explicitly considers 
t.he small farm - large farm structure of the Kenyan agricultural scene. 
The study is a significant element of the IIASA agricultural policy model 
for Kenya. 
Kirit S .  Parikh 
Program Leader 
Food and Agriculture Program 
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FARM SUPPLY RESPONSE IN KENYA: ACREAGE ALLOCATION MODEL 
N.S.S. Narayana 
M. M. Shah 
1. Introduction 
Agriculture is a major sector of the Kenyan economy. In order to make an 
appropriate policy analysis towards Kenyan economic development and in par- 
ticular Kenyan agricultural development it is essential to understand the effects 
of various policy instruments on the agricultural supply. This implies a detailed 
study of farmers behaviour in allocating their limited lands to growing various 
crops, their risk taking enterpreneurship in an uncertain environment of future 
prices and yields and application of inputs like fertilizer, capital, labour, etc. 
In this paper we aim to study the acreage response of Kenyan farmers. All 
major crops in the small and large farm sector are considered. We believe that 
Kenyan farmers are rational and they respond to various signals in the economy 
and formulate their own expectations on the revenue they obtain by growing 
different crops taking into account rainfall, soil conditions, etc .... The study on 
application of non-land inputs and the yield response is described in Fischer and 
Shah (1982). 
African farmers are rational. Alibaruho (1974) provides an excellent survey 
on this issue, and summarizes as: "There has been a "positive" phase in which 
the issue has been to determine what African farmers do under different 
economic situations .... and a "hypothesis testing" phase in which the issue has 
been to determine why African farmers do things the way they do". 
Many of the "hypothesis testing" studies of African farmers may be divided 
into three categories, namely: 
(1) rational response to price changes 
(2) inverse relationship between market surplus and price 
(3) institutional constraints prohbiting any price response 
We believe that even an institutional constraint like producing for self- 
consumption is very much a rational response because it represents the 
farmer's choice in regard to what to sell (to make profits) and what to buy (for 
own consumption), given the knowledge of taxes, subsidies, trade margins and 
transport costs. 
The rest of t h s  section is devoted to describing the Kenyan agricultural 
scene providng a brief review of the existing literature in the present context. 
The present study differs from these past studies in the sense that we have 
considered all major ci-ops in the small and the large farm sector in an 
integrated model and also that the whole time series of information to date has 
been used. In section 2, we briefly present the traditional Nerlovian model for 
supply response followed by some methodological issues of our model. Details of 
the data base of the present study are described. In Section 3 the results are 
given and in Section 4 the policy conclusions and limitations of the study are dis- 
cussed. 
1.1. Kenyan Agricultural Sector 
Kenya's agricultural production roughly doubled over the last 20 years. The 
agricultural sector in Kenya forms the backbone of the Kenya economy in a 
number of ways. First, more than 80% of the population derives their livelihood 
from t h s  secctor. Second, this sector accounts for more than 65% of the foreign 
exchange earnings of Kenya. This foreign exchange is essential for the imports 
of many non-competitive goods which are crucial for the rapid development of 
the Kenyan economy. During the period 1961 to 1976, the share of agriculture 
in total GDP fell from 42% to 38% whereas the share of manufacturing rose from 
9% to 12%. 
In comparison to most other countries in tropical Africa, Kenya's agricul- 
tural sector is perhaps the most developed. For example in this region, Kenya is 
the only country with land adjudication and registration. The intensity of land 
use and husbandry are higher than anywhere else in tropical Africa. However, 
the level of agricultural technology, though relatively sophisticated in com- 
parison to most countries in the region, the intensity of input use is well below 
what is required for meeting the needs of the future for agricultural products. 
The food requirements are especially important in the light of the recent esti- 
mates of population growth of the order of 3.9% per annum, (Central Bureau of 
Statistics, (1979)). 
Agriculture in Kenya has a dual character. On one hand there are nearly 
one and a half million small farms, the majority less than 2 ha. and very few 
more than 5 ha. in size. On the other hand there are some three thousand large 
farms: 70% of these have an average size of 160 ha. and for the remaining 30% 
the average size is about 2500 ha. Table 1 shows acreage of the main crops in 
the small and large farms, for the years 1963 (independence year) and 1975. 
Table 1. Small Farm and Large Farm Acreage Under Principal Crops, 1963 and 
1975 
Large Farms '000 ha 
Crop 
1963 1975 
Small Farms '000 ha 
1963 1975 
Maize 45 
Wheat 113 
Rice - 
Sorghum/Millet 1 
Barley 18 
Pulses 1 
Roots 1 
Sugarcane 18 
Coffee 3 1 
Tea 18 
Sisal 109 
Pyrethrum 12 
Cotton - 
Our approach is to model the supply response for small and large farms 
separately.* The distinction between small and large farmers is an essential one 
from the viewpoint of policy analysis. Historically many of the agricultural poli- 
cies and in particular produce price policies and trade policies were formulated 
on the basis of the large farms. But these policies could have had an important 
impact on the acreage response of small farms. The small farm sector has 
increased its share of marketed production from 18% in 1954 to 51% in 1976. 
This group accounted for 7% and 28% of total fertilizer use in 1961 and 1976 
respectively. However, fertilizer application in the small farms in 1961 and 1976 
was lkg/ha and 13 kg/ha respectively in comparison to 82 kg/ha and 298 kg/ha 
in the large farm sector. Hence from the pattern of overall resource usage, it is 
also necessary to differentiate between the supply response of these two farm 
types. In the early 1970's some of the mixed large farms** were subdivided into 
small farms; however further subdivision of large farms, especially the planta- 
tions, is unlikely at least in the foreseeable future. 
1.2. Previous studies on Kenyan Farmer's Response: 
Though there are a large number of studies on the African farmers' decision 
behaviour in the context of allocation of their scarce resources, attitudes 
towards risk and acreage and output response with respect to price, only a few 
of them dealt with Kenyan agriculture in particular. For a detailed review of 
some of these studies, readers may refer to G. Alibaruho (1974). Here, we only 
discuss briefly some literature available on the Kenyan agriculture. 
Maitha (1974) studied maize and wheat production response with respect to 
price. His study used the data on large farms for the period 1954-1969. He 
adopted the traditional Nerlovian model, in estimating the acreage of wheat and 
maize separately, with the difference that farmers' price expectation was 
specified as a distributed lag model with a known lag. Wheat and maize were 
treated as mutually competing crops. However, he used ordinary least squares 
in estimating the final reduced form where acreage under the crop in the previ- 
ous year, a lagged dependent available, appeared as an explanatory variable. 
Also possibility for auto correlation was not checked. Maitha's parameter esti- 
mates should be considered in the context of these limitations especially with a 
small sample. The results indicated that Kenyan farmers do respond to price 
changes and in general the price elasticity is higher for maize compared to 
wheat. 
Maitha's (1974) study on coffee in the Kenyan economy, involved setting up 
a CES production function and assuming that coffee farmers behave rationally, 
marginal product of acreage was equated to rental of land. This resulted in a 
demand equation for land as a function of expected output and ratio of expected 
land rental to expected output price. Whle the expected output was speciffed to 
be merely the last years output, the latter ratio was specified as to follow a 
Fisher lag scheme. Maitha estimated the demand equation for land for the 
coffee industry as a whole, for large farms and small farms separately. The 
price effect was found to be signficant for all the three groups. However, apart 
from not checking for auto-correlation etc.. .., the inclusion of an expected out- 
put variable in the regression is rather unsatisfactory. D.J. Ford (1971) com- 
mented rightly, that when the acreage functions are taken together with their 
yield levels also, a simultaneous equations model might be necessary to derive 
In addition t o  these two farm types, there are also a small number of "gap" farms; however 
data for these farms is  not available and hence are not considered in the  present study. 
* *  Mixed farms are defhed as crop and livestock (dairy and meat) farms 
the appropriate long-run elasticities. 
J.M. Wolgin (1975) studied the Kenyan small farmers attitude to resource 
allocation in the environment of risk. The objective function was to maximize 
farmers' expected utility ( a  function of expected income y, and the variance 0; 
of it) rather than income, subject to production and resource constraints. The 
marginal increments to risk of increased production of a crop, were computed, 
as 
a(u;) Sj = marginal increment risk of increased production of crop j = - 
a Qj 
where 
Qj = production of crop j and y = total income 
Now given the  production functions of two crops ( j  = 1, 2 say) 
g] = gj(landj, inputs]) 
then, through his model Wolgin derived that  
gj were estimated as Cobb Douglas production functions to  obtain marginal pro- 
duct of land and other inputs. To obtain Sj Wolgin estimated the following output 
and price equations: 
where Qjat and PjVt are output and price variables of jth crop and t = time. 
Wolgin's simple and elegant approach concluded that Kenyan farmers are willing 
to grow high risk crops only if they get  a higher payoff in expected return. How- 
ever, unfortunately Wolgin did not present the results of production functions 
and output and price equations mentioned above, so as to judge the 
specification biases involved on w h c h  his results had a bearing. 
Etherington's (1973) study on smallholder tea considered a multiperiod 
production function where the age distribution of the stock of trees and changes 
in technology were explicitly considered. Unfortunately in this study no price 
variable figured in and consequently a clear acreage and production response 
to price variables could not emerge. Also this aspect makes this study unsuit- 
able for studying the affects of price policies. 
It may be noted that much of the above literature on Kenyan agricultural 
response is outdated as their data base ended with the time period just about 
Kenya's independence in 1963. Wolgin's study was based on cross section data 
for 1968/69 Small Farm Survey and hence many impacts due to the structural 
changes since the independence were not reflected. Besides many of the past 
studies were only with respect to some specific crops and with either of the farm 
types: large and small. 
2. The Model and the Methodology 
2.1. Model 
The traditional Nerlove model, originally formulated for a study on the 
dynamics of supply in U.S. agriculture (Nerlove, 1958) is as follows: 
where 
* refers to desired or expected long run equilibrium values 
t refers to time period 
A, and P, refer to acreage and price of the crop respectively 
@ and y refer to price expectation and acreage adjustment coefficient respec- 
tively. 
The interpretation of the Nerlove model equations and the associated esti- 
mation problems have been much discussed in the literature, (see Nerlove 
(1958), Askari & Cummings (1976), Narayana and Parikh (1981)) and a repetition 
is avoided here. 
The merit of the Nerlovian framework is that its underlying assumptions 
suit to a straight forward application of the model to even developing economies. 
However, Narayana and Parikh (henceforth N-P) (1981) experienced some prob- 
lems when they applied the Nerlove model to  study the farmer's acreage 
response in India. In their cropwise study such an application was reported t o  
have yielded the estimate of 8, the price expectation coefficient, to be always 
equal to one for all crops. N-P argued "accepting these estimates would have 
meant that farmers in India have only naive expectations." 
It may be noted that N-P (1981) considered revenue, instead of price, as an 
index for profit because in a dynamic framework changes in yield levels also 
affect profits. However, according to them, even when price alone was taken t o  
be an index for profit the results were similar. They then formulated the reve- 
nue (or price) expectation equation differently arguing that "The presence of a 
secular trend in the revenues could lead to a result when @ would exceed 1. If 
expectations reflect secular trends in relative revenue it seems reasonable to 
assume that farmers observe the levels of prices and revenues over time and are  
also aware of any random shocks (which may be of a short-term nature) to which 
the variables have been subjected. The future expected price or revenue should 
adequately account for thls process of movement and occasional random 
shocks. 
An ARIMA model seemed to be more satisfactory: 
where 
P,* is the expected price, 
P, is the actual price, 
W,, the dflerence between actual and expected price, is a white noise 
p is a constant." 
Later they also show that Nerlovian formulation of the expectation equation 
is only a special case of an  expectation equation formulated as an  ARIMA model. 
In view of the above mentioned arguments, we follow the same methodology 
of the NP model for the present Kenyan study too. We replace the price expec- 
tation equation of the Nerlove model as  an  ARIMA equation. As a first step, this 
equation has been estimated by Box Jenkins procedure and then, as a second 
step, the appropriately modified reduced form equation of the Nerlove model is 
estimated. So the model now looks as follows: 
1st step: Revenue$ Expectation 
n*, = n,-w, = a,n,-, + a,n,-, + a,n,-, + . . . (2.4) 
+ + $lWt-l + f12Wt-, + '&Wt-3 + .. . . . 
2nd step: Acreage Response 
A*, = a. + a1n*, + a2R, + Ut 
At = (l?)At-, + 7At* ..., O < y < l  
where 
n*, refers to expected revenue 
Rt refers t o  rainfall 
U, refers t o  random disturbance and the remaining variables being as  explained 
earlier. On substitution, a reduced form equation can be written out as  follows: 
2.2. Estimation 
Equation (2.4) has been estimated using Box-Jenkins methodology. The 
essence of such a formulation of the  expectation is to forecast the value of a 
variable by identifying the stationary and random components of each past 
value of it. An Auto Regressive Integrated Moving Average Process (ARIMA) can 
be written for a time series constituting a discrete linear stochastic process (X,) 
as: 
Xt = alX,-l + azXt-z P + a3Xt-3 + .,.. + K + dlWt-l  + ZP2Wt-, + ' ' ' 
where 
W, is white noise or random disturbance in period t 
k is a constant that determines the mean level of the time series process. 
For each crop an appropriate ARIMA scheme constituting p, q and d, where 
p is the number of lagged dependent variables, q is the number of moving aver- 
age variables and d is the degree of differencing has been identified and selected 
whch satisfied a diagnostic checking consisting of:* 
(a) stationarity conditions of the  estimated series implying certain restrictions 
on the values of parameter estimates, and also 
(b) a x2 (ch-square) test based on the residual auto correlations. 
One interesting feature observed during t h s  part of our study was that the 
finally identified ARIMA scheme, whle for most of the crops, turned out to be 
with reasonable values of p, q and d (ie. p and q < 2 and d < I), for pulses and 
coarse grains the scheme, satisfying the diagnostic checking mentioned above 
!j For some crops, equivalent expected price ( P*, ) and/or expected yield ( Y*, ) models in- 
stead of expected revenue ( n*, ) model. 
See Box and Jenkhs (1970) and Nerlove (1971) 
turned out to contain a large value of q (the number of moving average terms). 
Results of the selected schemes are given in Table 3 and 4 for the large and 
small farms respectively. The computed forecast values of the expected reve- 
nue (or expected price, or expected yield, as the case may be) over the data 
period have been used in estimating the equation (2.7), the reduced form of 
Table 2. Data Sources: Area*, Production. Price** and Rainfa!:*** 
crop time 
series 
period 
L.F. Wheat 1957-68 
L.F. Wheat 1969-76 
S.F. Wheat 1961-76 
L.F. Maize 
L.F. Maize 
S.F. Maize 
S.F. and L.F. Coffee 1954-67 
S.F. and L.F. Coffee 196 8-76 
L.F. Tea 1954-68 
S.F. Tea 1959-68 
S.F. and L.F. Tea 1969-76 
S.F. Rice 1961-76 
L.F. Sisal 1954-76 
S.F. & L.F. Pyrethrum 1958-76 
L.F. Barley 1957-76 
S.F. Cotton 1961-76 
S.F. Pulses 1961-76 
S.F. and L.F. Sugar 1961-76 
source 
Economic Review of Agriculture, 1963, 1968. 
National Wheat Board 
National Wheat Board, Economic Reviews of 
Agriculture 1969-76, Economic Surveys 1974-76 
Economic Review of Agriculture 1963, 1968 
Maize and Produced Board, Food & Marketing 
Project 
FA0  data, Maize and Produce Board, 
Surveys (1968/9, 1974-77) of small farms,  
Economic Reviews of Agriculture 1969-76 
Economic Review of Agriculture 
1963,1968 
Economic Reviews of Agriculture 1969-76, 
Economic Surveys 1968-76, and Kenya Coffee Board 
Economic Review of Agriculture 1963, 1968 
Economic Review of Agriculture 1963, 1968 
Economic Reviews of Agriculture 1969-76 
Economic Surveys 1968-76, and Kenya Tea Board 
National Cereals and Produce Board, 
Kenya Statistical Abstracts 1968-76 
Kenya Sisal Board, Economic Reviews of 
Agriculture, 1963, 1968, 1969-76, 
Kenya Statistical Abstracts 1968-76 
Kenya Pyrethrum Board, Economic 
Reviews of Agriculture 1963, 1968, 1969-76 
Kenya Breweries, Economic Reviews of Agriculture 
1963, 1968,1969-76, and FA0 
Cotton Lint and Seed Marketing Board, Economic 
Reviews of Agriculture 1963, 1968, 1969-76 
FAO, National Cereals and Produce Board, 1968-69 and 
1974-77 Survey of Small Farms, Food & Marketing 
Project 
Economic Reviews of Agriculture 1968, 1969-76 
and Economic Surveys 1968-76 
S.F. Roots 1961-78 FAO, 1958/9, and 1574-77 Surveys ofsmall Farm 
S.F. Sorghum/Millet 1961-76 FAO, 1966/9, and 1974-77 Surveys of Small Farm 
Economic Reviews of Agriculture 1969-76 
S.F. Fruits 196 1-76 FA0 
L.F. Pinea.pples 1958-76 Economic Review of Agriculture, 1863,1968 
Horticulture Development Study, 
Ministry of Agriculture 
S.F. /L.F. Wattle 1961-76 Kenya Statistical Abstract 1968-76 
Economic Reviews of Agriculture 196B, 1969-76 
S.F. /L.F. Vege. Oils 196 1-76 FA0 
* Large Farm Area: Agricultural Census of Large Farms 
1962-76. The 1962-64 issues also gives data on commodity 
wise revenue (and production). 
* Price information from Kenya Statistical Abstracts 1961-76, 
various commodity Boards as mentioned above and FA0 
*+I A f i s t  approximation derived on the basis of annual rainfall 
by main stations, Kenya Statistical Abstract 1966-76. 
Large Farms: The Agricultural Census of Large Farms gives 
commodity-wise acreage in each district. 
The main rainfall time series for each main station 
in these districts was weighted by the commodity 
acreage to  arrive a t  a commodity wise rainfall series. 
For the small farms district-wise time series on 
acreage is not available. District level information 
from 1968/69 small farm survey and the province level 
information from 197415 IRS Survey was used to 
derive acreage weights for main stations in the 
small farm areas. The procedure adopted here 
is approximate and will be modified when the analysis 
of Kenya rainfall time series data from the 
Ministry of Agriculture, Nairobi, 
becomes available. 
L.F. Large Farms 
S.F. Small Farms 
Table 3. LARGE FARMS 
AItaiA 9'1 1 2  9'3 P "1 a, “1974 “1975 O1976 X' d,f* 
SCHEME 
23 
M A T  
Prlc e 1 1 1  1.8455 -0.0455 0.3303 111.835 -12.507 0.0 4.972 20 
Yleld 110 0.9191 0.1086 0.4899 0.304 0.058 -0.013 8.093 20 
Revenue 1 1 1  0.5179 0.4021 -0.7585 198.286 172.011 0.0 0.551 20 
MAIZE 23 
Price 210 0.7090 0.0815 88.2510 -1.0475 89.928 181.832 -16.007 4.935 19 
Yleld 120 0.8199 0.3824 -0.0034 -0.2830 -0.040 0.042 0.229 5.919 19 
Revenue 121 1.1048 -0.1048 -0.1513 -1.1058 463.010 -1.295 0.0 3.873 19 
COFFEE 
Rice  101 1.3524 -0.3524 
meld 200 0.5301 0.3880 0.0732 
Revenue 101 1.0679 -0.0879 
. TEA 19 
Rica 120 -0.0424 78.364 -1.2272 -1 .I063 7.8870 8.5990 15.3070 3.171 15 
Yleld 110 0.9128 0.1109 0.2524 -0.028 -0.010 0.054 4.919 18 
Revenue 101 0.8213 0.1787 13.9110 44.6400 0.0 7.705 17 
KxptRlce 21 1 1.2834 0.2843 -0.5478 -0.2693 3.7720 9.6040 0.0 5.820 15 
PYRlnHRUJd 19 
Rice 210 1.2726 -0.7203 17.2405 -0.1176 14.733 24.381 58.717 5.705 15 
Ylald 120 0.8078 2.2383 0.1548 -0.8433 0.498 -0.057 0.874 3.690 15 
Revenue 110 0.9082 203.2782 -0.2918 190.548 -86.748 849.922 3.679 18 
SISAL 23 
Price 210 1.5388 -0.8457 472.8868 0.7690 1977.382 -717.028 62.070 4.184 19 
Ylsld 200 0.6494 -0.3286 0.3814 -0.004 0.021 -0.103 4.393 20 
Revenue 100 0.6394 321 .8295 1703.604 -238.837 -473.505 1.588 20 
BARLEY 
R b e  101 1.8362 -0.8382 
Weld 21 1 0.9024 -0.6001 0.8177 
Revenue 201 1.8883 -0.4491 -0.2391 
SUGAR 
Price 200 1.7991 -0.8885 
Yield 100 0.7796 
Revenue 101 1.4781 -0.4781 
PINEAPPLE S 19 
Price 101 1.9830 -0.9838 28.070 75.475 0.0 4.010 17 
Yleld 200 0.7218 -0.0325 4.8038 -0.002 -0.002 -0.002 4.308 16 
Revenue 101 1.0838 -0.9838 385.080 1116.945 0.0 4.007 17 
Underlined numbers refer to number of obrrewations 
** Oats "Revenue": d3 = 0.0057 
Table 4. SMALL FARMS 
SCHEME 
MAIZE 16 
R i c e  110 0.7905 83.8821 -1.0554 09.766 142.013 -19.520 1.250 13 
Yleld 200 0.5940 0.3107 0.1103 -0.129 0.471 0.145 6.173 13 
Revenue 120 0.6923 159.0831 -1.1710 -1.7688 75.166 148.558 -20.777 1.580 12 
COFFEE 23 
R h e  101 1.3524 -0.3524 301.052 14337.735 0.0 2.378 21 
Yleld 120 0.4192 0.2385 -0.4036 0.3399 0.075 0.004 0.008 0.655 19 
Revenue 101 0.0170 0.3630 -347.484 6815.191 0.0 4.889 21 
TEA 18 
R i c e  120 -0.0424 76.3041 -1.2272 -1.1863 7.8870 6.5910 15.3070 3.171 15 
Yleld 110 0.8605 0.0086 0.1128 -0.170 -0.050 0.041 5.727 10 
Revenue 120 0.9416 2.0072 -0.1044 0.4031 -4.1890 3.6620 15.6190 7.455 15 
Expt Prlce 211 1.2834 0.2043 -0.5476 -0.2093 3.7720 9.6040 0.0 5.620 15 
PYRETHRUM 19 
R h e  210 1.2726 -0.7203 17.2405 -0.1170 14.733 24.381 58.717 5.705 15 
Yleld 120 0.1409 3.8446 -0.2279 -0.0801 0.762 1.952 0.168 4.571 15 
Revenue 200 0.6355 -0.0102 65.1257 411.384 860.501 162.264 5.263 10 
WHEAT 10 
P r h e  101 1.8185 -0.8185 53.118 -42.885 0.0 1.72 14 
Yleld 121 -0.2150 1.2150 0.0 -1.5555 -1.1025 0.034 -0.017 0.0 4.10 12 
Revenue 110 0.8i307 51 ,8878 -0.2903 152.458 432.990 -136.470 1.47 13 
RICE 
R l c e  111 0.8812 0.1188 
Yleld 110 0.8255 
Revenue 101 1.7670 -0.7670 
PULSES 16 
Price* 151 1.6780 0.6780 -0.0210 -0.8673 7.989 7.418 0.0 0.722 8 
Yleld 200 0.0530 -0.4837 0.6934 0.061 0.018 -0.019 5.294 13 
Revenua 201 1.5339 -0.3463 -0.1876 -1.677 2.034 0.0 3.728 13 
ROOTS 
Price 101 1.7936 -0.7936 
Yleld 100 0.4436 
Revenue 101 1.5190 -0.5190 
COTTON 18 
Price 200 1.8016 -0.9519 177.6095 286.725 98.260 -72.665 5.022 15 
meld 120 0.2055 0.1769 -0.1726 -0.0204 0.041 -0.002 -0.005 3.596 5.209 14 
Revenue 110 -0.3368 320.7541 -1.0202 34.751 31.857 66.251 3.832 15 
COARSE GRAINS 10 
Rice*. 151 1.6788 -0.6788 -0.0231 -0.8751 3.844 3.668 0.0 0.726 9 
Yleld 110 0.6452 0.3139 0.2690 -0.057 0.046 -0.051 1.987 13 
Ravenue 200 1.6686 -0.8156 47.7830 58.522 113.103 10.475 2.947 13 
SU CAR 16 
R'ica 200 1.7991 -0.8885 4.5740 8.458 19.666 -6.004 1.844 13 
Yleld 110 0.8902 3.2297 0.3824 7.230 0.899 2.381 3.030 13 
Revenua 120 0.9981 3.1801 -0.3475 -0.9868 343.84.2 546.410 -26.401 2.520 12 
Pulses "Price": = 1.0558. = -0.4140, Q5 = -0.5654. 
** Coarse Grain "Price": d3 = -1.0324. aq = -0.4141. d5 = -0.5392 
In estimating the acreage response models for the small and large farms, 
substitutability between crops competing for the same land has to be taken into 
account. Such substitution pattern varies from district to district and province 
to province in Kenya due to ecological, agro-climatic and social conditions. How- 
ever, the present study being an aggregate study a t  the national level, an overall 
substitution pattern at  the national level had to be arrived at. This pattern, in 
the context of the present study, was formulated by considering the nature of 
the soil, sowing and harvesting seasons of various crops grown in different pro- 
vinces of Kenya and the importance of these provinces with regard to each crop 
at  the national level. Essential information and data from whch  the  
substitution/competition patterns were derived, is given in Appendix A l .  A 
separate study which arrives at  an  "optimal" substitution pattern based on eco- 
logical and agro-climatic considerations is underway, see (Shah and Fischer 
( 1 9 8 ~ ) ) .  
Before we go on to the results part,  let us point out one aspect of the 
acreage under the two types of farms. There were instances in the past where 
some of the large farms were purchased by the Government and Cooperatives 
and subdivided into small farms. Ths process automatically would show a 
decrease in the large farms acreage data and a corresponding increase in the 
small farms data. In the present study this aspect was not explicity considered 
because the available data on such shifts are not reliable and the overall situta- 
ticn, (see Table 5), seems to suggest that such shf ts  did not significantly affect 
the acreage in the two farm types. 
Table 5. Large Farms Holdings: Kenya 1961-1976 
1963 = 100 
yea r  No.  of hold ings  To ta l  Area Area under temporary 
and permanent c rops  
3. Results 
The estimated model equations for large and small farms given in Table 6 
and 7 respectively, are discussed below. 
3.1. Large Farms 
3.1.1. Wheat 
Most of the wheat in Kenya is grown on high and medium potential land by 
large scale farmers using mechanical equipment for cultivation, harvesting and 
handling. There is considerable ongoing research into the possibilities of small 
scale wheat production. At the present time the new "wheat lands" in the Narok 
district are being opened up for smallholder wheat production. 
Data on wheat acreage show that during the sixties the acreage increased 
at  about 6% annually, whereas during the early seventies it declined almost at  
the same rate. I t  may be noted that maize is a major competitive crop for 
wheat. In explaining wheat acreage, rainfall and expected price of wheat rela- 
tive to that of maize have been included in the regression equation along with 
the previous year's acreage. All the coefficients except that of rainfall turned 
out to be significant. Also, the estimate obtained for area-adjustment parame- 
ter ( y) implies that though farmers could not acheve their desired levels of 
acreage, they could adjust in the desired direction. 
3.1.2. Maize 
Maize is the staple food in Kenya and about 5% of the total national maize 
area is under large farm cultivation. Most of the large farm production of maize 
is marketed through the Maize and Produce Board and in the past this has been 
a significant (about 50%) proportion of the official marketed maize because most 
of the maize produced in small farms is retained for self-consumption. 
In explaining maize acreage, again competition between maize and wheat 
has been considered, and expected price of maize relative to that of wheat has 
been included as the explanatory variable, along with the previous year's 
acreage. Here the R2 obtained is rather low and even the t-coefficient for the 
relative price coefEcient is significant only a t  10%. When the r-elative price of 
maize has been replaced by only the expected price of maize the  X Z  improved a 
little and the t-coefficient for the expected price turned out to be significant a t  
5%. In explaini.ng maize acreage in large farms, its own price rather than the 
competition between maize an.d wheat seems to be more relevant. 
3.1.3. Barley 
Large farms have been the major suppliers of barley for brewing of beer and 
barley has not traditionally been a staple food in Kenya. The srr~all farms have 
recently begun to participate in barley production through contracts with the 
breweries. 
!n explaining barley acreage two estimated equations are reported. In the 
first equation. the explanatory variables consi.sted of the previous year's acreage, 
expected price and expected yie1.d of bar-ley separately. Due to possible mul- 
ticollinearity between yield variable and rainfall, the rainfall term has not been 
included. Results show that expected. yield is a sigmficant variable whereas 
expected price is i10t significant (but. only a relevant variable in the sense of the 
corresponding t-coefficient is greater than one). Some-what prepiexing result is 
the low value of the estimate of the area-adjustment parameter ( 7 = 0.3024), 
though data show considerable variation over time in barley acreage. 
In the second equation the explanatory variables were the expected relative 
price and expected relative yield with respect to wheat. The coefficient of the 
former is significant a t  5% and latter is not significant. As in the first equation 
the value of area adjustment parameter suggests that the farmers were not able 
to acheive the desired barley acreage. 
3.1.4. Sugarcane 
Factory estates and large farms have been the main producers of sugar- 
cane in Kenya in the past, though during the last five years or so smallholders 
and cooperative societies have also become important producers. Government 
policy on sugarcane producer prices was such that  there was only a little varia- 
tion in sugar price over time upto 1973, though there has been a steep rise 
later. But acreage data show certainly a trend in it over time. Besides, it may 
also be noted that ,  in some parts of Kenya, (e.g. Nyanza and Coast Provinces 
which are two main large farm sugar producing areas) there has been competi- 
tion between maize and sugarcane. In view of this, a time variable to explain 
trend part and relative expected price of sugar with respect to maize have been 
included as explanatory variables along with the previous year acreage. Both 
these variables turned out to be significantly positive whereas the coefficient of 
the previous year acreage turned out to be insignificant. The latter implies that 
farmers could almost adjust their acreage towards the desired levels. 
3.1.5. Coffee 
Coffee is by far the most important export crop in Kenya; in 1964 and 1976 
coffee accoun.ted for 51% and 68% of export earnings from agriculture. The 
structure of the coffee production in Kenya is such that there is direct competi- 
tion between small and large farms. A detailed study of the coffee sector in 
Kenya and a two-stage least square estimation model for large and small farm- 
ers coffee acreage response is reported elsewhere, Shah and Narayana (1982a). 
3.1.6. Tea 
After coffee, t ea  is the second most important export crop in Kenya. In 
1976, tea exports amounted to about 23% of agricultural export earnings and 
about 10% of all export earnings. The quality of tea produced on the large 
estates has contributed t o  the premium price of Kenyan tea  on the world 
market. Area under tea in the large farm sector increased at  an annual rate of 
6.08% during 1954-70 and 1-02% during 1970-76. The reduced rate of growth in 
the latter half is due partly to the government policies on increasing smallholder 
participation in tea production. 
Two equations for tea are reported in Table 6. In the first equation, the 
explanatory variables were expected export price and previous years acreage. 
The coefficient is significant zt 5% and value of the area adjustment parameter 
(y ) suggests that the large farmers were not able to achieve the desired 
acreage. The second equation considered expected producer price and the 
difference of expected export and expected producer prices as explanatory vari- 
ables. The coefficients are significant a t  10% and 5% respectively. Ths  suggests 
that large farmers do respond to expected producer price but also take account 
of the expected export price. This respon.se is in line with the Kenyan Govern- 
ment Tea Board's policy to adjust (after allowance for operating costs of th.e 
Board) the producer prices 1.n line with export prices. 
3.1.7. Sisal 
Sisal is basically a plantation crop produced on the lowlands below 900 
meters (e.g. Voi) and on the highlands above 1800 meters (e.g. Thka). Though 
prior to 1964 large farms gradually increased the acreage under sisal, later how- 
ever, the acreage showed only an overall declining trend. Government policy 
has been to encourage producers to maintain production so as to meet the local 
industrial demand and also in view of export possibilities 
During the last two decades there have been large fluctuations in the world 
market price. Farmers have tended to shift away to other enterprises such as 
selling the land to new housing complexes (as in Thika, for example) and to 
industrial complexes (as in Voi, for example) and to a small extent (about 5000 
hectares) to cultivate alternative crops (pineapple). Furthermore there are 
some derelict sisal plantations whch  are being brought under production 
(1974-76) as sisal prices become attractive. 
In estimating the acreage under sisal, a time trend, expected price and the 
previous year acreage have been included as explanatory variables. The price 
coefficient is significant a t  10% level whereas the time trend coefficient is 
significant a t  5% level. The estimate of the area adjustment coefficient (y) 
implies that farmers have not been able to achieve the desired acreage. The 
results of the equation suggest that further decline in the sisal acreage will con- 
tinue, unless in future the government provides incentives for sisal production 
to a t  least meet the demand of the domestic processing industry. 
3.1.8. Pyrethrum 
Kenya produced over 65% of the world's supply of pyrethrum. During the 
early sixties, most of the pyrethrum production was from the large farms; but a t  
present over 90% of the production is in the smallholder sector. From 1964-1976 
the area under pyrethrum in the large farms declined at an annual rate of about 
15%. 
In view of the changing structure of pyrethrum production in Kenya, previ- 
ous year share of small farms acreage to the total acreage under pyrethrum in 
the coun.try, has been considered to be a n  explanatory variable. Other expalan- 
tory variables have been expected revenue and the previous year acreage under 
large farms. While the share variable turned out to be significantly negative as 
expected, the coefficient of the expected revenue could be positively significant 
at only 20% level. The coefficient of the lagged area, is significant, and implies 
that farmers could not fully acheve the desired acreage levels. 
3.1.9. Pineapples 
Pineapples are produced und.er irrigation and the large farm area has 
increased from about 700 ha in 1961 to 5600 ha in 1976. Although this is a rela- 
tively minor crop in terms of crop acreage, large expansions of pineapple 
acreage in Kenya are expected due to rapid1.y increasing demand of domestic 
pineapple processing i n d ~ s t r y  (canned fruit and juice) for exports. For exam- 
ple, the exports of tinned pineapples increased from about 4000 mt  to 30000 mt  
during the period 1961-76. 
Here, the crop being only a minor- one, the previous year price was itself 
considered a s  the expected prlce. The yield, under irrigation, being fairly 
without variation, was not included in the equation. 'The coefficients of the price 
variable is significant a t  5% level and the coeficient of A,,,-, implies that farmers 
could not achieve the desired acreage, possibly due to 1imitation.s of irrigation 
expansion. 
3.2. Small Farms 
Results for small farms have been presented in Table 7. In discussing these 
results, we Ieave out the seIf-explanatory ones and also be brief in view of the 
already provided details under the large farm results. 
Table 6. Large Farm Results 
Other Degree of z2/(0.w.) Rho 
Large Fa- Ai, t-1 Exp. Revenue Exp. Price Exp. Yield T h e  Conatant Rainfall  Variables Freed- 
S i sa l  
Wheat 
Barley 
TO. 
pyrethrum 0.4014 0.0115*** -- 
(2.1671) 11.1630) - - 
sugar 0.0614 -- -- -- 0.9319 7.7368 -- 
-- -- 
56 .811~* '~  
-- (2.6443) 
10 87.84 -0.05 
(0.1035) (1.9970) -- (1.7187) -- (1.8498) -- 
1. Ratio of Expected Wheat/Expected Maize Price 
2. Ratio of Expected Maize/Expected Wheat Price 
3.  Difference between Expected Export Price and Ewpected Producer Price 
4. Expected Export Price 
5. Smell Pams Share of Total Pyrethnm Acreage (lagged] 
6. Aatual Price lagged 1 year 
7. Ratio of Expected Sugar t o  F s p c t e d  M i z e  Price 
t hrley/Uheat r e l a t i v e  expected pr iae and re la t ive  expected yield 
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3.2.1. Maize 
A large portion of the maize produced in small farms is for self consumption 
and only the surplus is marketed mainly through local markets and to a lesser 
extent through the formal marketing channel, namely, Maize and Produce 
Board. The latter enforces producer and consumer prices and has a legal mono- 
poly over all purchases. 
During the  period 1961-76 maize area as a percentage of the total cul- 
tivated area in the small farm sector has averaged about 40% and during this 
period, the annual rate of increase in maize area has been about 1.6%. At the 
same time there has been a substantial increase in the corresponding yield lev- 
els (an  average of 3% per  year). During the last decade there has been a marked 
change in the technology of production and at present about 30% of the  maize 
area in the small farm sector is of the hybrid variety. 
Expected price, expected yield, rainfall and the lagged acreage under maize 
in small farms have been considered as explanatory variables to estimate maize 
acreage. While the coefficient of the expected yield has been significant a t  5% 
level, that of the expected price has been significant only a t  20%. Also, the 
coefficient of the  lagged acreage, which turned out to be insignificant, implies 
that farmers could almost adjust their maize acreage towards their desired lev- 
els. 
3.2.2. Wheat 
Only in recent years, there have been efforts to promote smallholder wheat 
production in certain districts (e.g. Narok) of Kenya. Maize is a possible compet- 
ing crop although this point could not be considered since the present level of 
wheat acreage is less than 3% of the maize acreage in the  small farms. 
Expected revenue and a trend variable have been included as explanatory 
variables along with th.e previous year wheat acreage. All these gave significant 
coefficients a t  5% level. 
3.2.3. Coarse Grains 
Sorghum and millet, considered as coarse grains in Kenya, are produced 
mainly in small farm sector.  The acreage under these two crops put together 
decreased from about 353,000 ha in 1973 to  2B1,000 ha in 1975. This decline in 
acreage may be the response to  the changing con.sumption patterns i.e. shift 
away from these "inferior" cereals. 
The expected price of coarse grains relative to that  of maize was included 
as an expla.natory variable. However, the results did not look satisfactory.* 
Similarly the response to expected price of coarse grains also was not 
significant. Only when the expected yield of coarse grains along with the lagged 
acreage were included as variables, the results looked better. The coefficient of 
yield is significant a t  5% and the coefficient of Ai,,-, suggests that  farmers are 
able to achieve the desired coarse grain acreage. 
3.2.4. Pulses 
The main pulse in Kenya is the bean and is an important source of prctein 
in the diet of the small farm popuIatir>n. Most of the pulses production is on the 
basis of intercropping with maize and the method of broadcasting is often prac- 
ticed. This aspect was introduced in the model ?quation by introducing the 
* The poremeter estimate is considered t~ be "sutisfactory" il the estimate is of expected 
sign and the t-coeficients are significant 
current area of maize as one of the explanatory variables. 
The results show that the coefficients of expected price, expected yield and 
current maize area are all significant at  5% level. 
3.2.5. Sugarcane 
Smallholders, especially cooperatives, have increasingly participated over 
time in sugar production. Though in the beginning the production was main1.y 
from large farms, by 1976 the smallholder production was in fact hgher  than 
that of the large farms. With the large investments and capacity of the sugar 
processing industry in Kenya, government policy is aimed at  making Kenya self- 
sufficient and exporting the surplus. Again as expected, the coefficient of the 
price variable was not significant (see large farm results) and only the expected 
yield (coefficient significant a t  5% level) along with the lagged acreage gave a 
satisfactroy result. 
3.2.6. Coffee 
Details of the small farmers coffee acreage response are reported else- 
where, (Naryana and Shah (1982)). 
3.2.7. Tea 
Apart from the importance of tea as  an export crop, it is also attractive in 
terms of profitability and labour intensiveness. These aspects are a major 
thrust of the government pclicy to encourage smallholder tea production. This 
is important in terms of creating employment opportunities as well as increas- 
ing income levels. 
As in the case of coffee, smallholders did not participate in tea production 
prior to independence in 1963. During the period 1963-75, small farms tea  
acreage increased from 40CO ha to 37000 ha, i.e. an  annual increase of 19.5%. 
The yield in the small farm sector increased a t  a corresponding rate of 10.3%. 
Although the average yield in 1975 is only about a t h r d  of those achieved in the 
large farm sector, this has been achieved with a much lower rate of fertilizer 
application and there is considerable scope for future productivity increases, 
(Fischer and Shah (1982)). 
In explaining the tea acreage, the model was formulated in terms of area 
difi'erences.5 The explanatory variable (previous years actual revenue) is 
sigmlicant a t  5% level and the coefEci.ent of lagged area difference term suggest 
that  though small farmers could not acl-ueve the desired increment in acreage, 
they could adjust in the desired direction. 
3.2.8. Pyrethrum 
In the past governrrient policy has been aimed at encouraging smallholder 
production of this crop. The smallh.older acreage increased from 0000 ha to 
33000 ha during the period 1963-75. A t  present small farm production accounts 
for almost 90% of the national production. Kenya is a price maker for 
pyrethrum in the world market and if denand continues to rise (especially if 
synthetic alternatives are not available, and international environmental con- 
cern for synthetic insecticides increases) then small farm acreage will continue 
to grow. Another aspect of this crop is that  i.t is labour intensive and the 
5 Estimation in the undifferenced form showed up unsatisfactory parameter estimates in- 
volving mong signs and out of bound value of 7, indicating essentially multicollinearity, see 
footnote under Table 7. 
harvesting period does not really conflict with the other staple crop production 
activities. 
Results of two equations are reported in Table 7. In the first equation the 
coefficients of expected revenue and rainfall are both significant at the 5% level. 
The second equation includes expected yield, expected price and rainfall. The 
corresponding coefficients are significant at lo%, 5% and 5% respectively.** In 
the two estimated equations the R2 are 78.3% and 79.9%. The coefficients of Ai,t-l 
in the two cases suggest that to some extent small farmers are able to achieve 
the desired pyrethrum acreage. 
3.2.9. Rice 
In the past there was some rice production under rainfed conditions in the 
Nyanza and Coast provinces. However at present this area is negligible and the 
most of the production is under irrigation in the government financed and 
operated Mwea, Ahero, Bunyala and West Kano Irrigation Schemes. Mwea is by 
far the most important scheme and in 1976/7 accounted for 82.4% of irrigated 
production. Rice also occupies 87.8% of the total area under these irrigation 
schemes. 
The results of the estimated equation show that  the coefficient of the 
expected yield and time variable are both significant at  the 5% level. The time 
variable in a sense represents the area expansion and development of the irriga- 
tions schemes. Data on annual investments for these irrigation schemes is not 
available; we have assumed that  time is a good proxy at least in the initial 
development of the irrigation schemes. The coefficient of the Ai,t-l shows the 
farmers are not able to achieve the desired acreage. Ths  is to be expected 
since demand in Kenya is almost double the present production levels and also 
there are limitations on the rapid expansion of the irrigations schemes. The R2 
is 98.0. 
3.2.10. Roots 
Most roots in Kenya are produced in the small farms and the main types are 
cassava, sweet potato and english potato. During the period 1970-75 there was a 
marked reduction (about 50%) in the area under cassava whereas for english 
potatoes there has been an almost eight-fold increase in acreage. The root crop 
production is very much regionalized in the sense that the production of english 
potatoes is concentrated in Central and Eastern provinces whereas sweet pota- 
toes and cassava are more common in Nyanza and Western Provinces. The pol- 
icy of cassava production for use as feed stu.ff and for exports is presently under 
consideration by the government. The demand particularly for english potatoes 
is rapidly rising and with the possibility of cassava production (especially in 
marginal areas) for feedstuffs, root crops acreage is likely to increase 
significantly . 
The estimated equation is significant a t  the 5% level for the expected price 
and time variables. The coefficient Ai,t-l suggests that farmers could not acheve 
the desired acreage. 
* *  As a check agienst the possible multicollinearity, correliltion between expected yield and 
expected price was computed which turned out t o  be only 0.18. 
3.2.11. Cotton 
Cotton is produced under rainfed conditions in the small farm sector. 
Since 1961/62 there have been some efforts to produce cotton under the Tana 
River lrrigation Scheme; from 1961 to 1976 the  irrigated acreage increased from 
162 ha to 856 ha. During the same period irrigated production rose from 176 mt  
to 2507 mt.  In comparison the rainfed acreage increased from about 45,000 ha 
in 1961 to 70,000 in 1976. 
In the past cotton from Uganda supplemented the demand of the local tex- 
tile industries. However due to the break in this source of supply, government 
policy is now aimed a t  increased smallholder production. The cotton yields have 
tended to be rather low due to the low level of husbandry and shortage of chemi- 
cal supplies (pest and disease control). Furthermore cotton is a labour inten- 
sive crop and the confict in labour requirements of the crops such as maize has 
led to the slow growth of cotton production. However, with the increasing level 
of demand, acreage expansion as well as yield increases are expected. Thls will 
occur if producer prices are attractive and if the availability of inputs and mark- 
eting infrastructure is ensured. 
The cotton acreage allocation first considered expected price and expected 
yield as variables. The results were found to be significant. These expectation 
terms were replaced by one year lagged (price and yeild) variables. The results 
show that the coefficients of yield is significant at the 5% level variable whereas 
price and rainfall terms are significant at 20% level. 
The R%alue of 63% is lowest of all small farm crops considered in the study. 
The coefficent Ai,,-, implies the farmers are to some extent able to adjust their 
acreage to desired levels. 
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4. Policy Considerations and Conclusions. 
The essence of the results reported in the previous section is summarized 
in Table 8. Except in the case of barley, sisal and tea under large farms and 
wheat under small farms, the results show that farmers in general were able to 
adjust their acreage towards desired levels. 
In general the small farms are able to adjust the acreage under food crops 
towards the desired acreage much more than in the case of acreage under non- 
food crops ( y is generally higher for food crops). This could be in response to 
the increasing self-consumption in the small farms caused by the rapid increase 
in population; in 1975 over 75% of the total population in Kenya was in the small 
farm sector and recent estimates, (Central Bureau of Statistics (1979)), suggest 
that the national population is growing a t  the. ra te  of 3.99, annually. 
For the large farms, the farmers are able to adjust the acreage under sugar 
towards the desired acreage and to a lesser extent this is also the case for 
maize, wheat and pyrethrum. For the remaining crops ( tea,  barley, and sisal) 
the rate of adjustment towards the desired levels is lower. 
There is one important difference between the two types of farms. It can- 
not be denied that, from the point of view of economic rationality, both the type 
of farmers ultimately react to revenue (or profit) incentive. However, the large 
farms being already "technically" advanced in farming further increases in their 
yield levels could be more difficult. In contrast, for the small farms whlch are 
"technically" not as advanced, there is a possibility of increasing the yields con- 
siderably. This implies that  for large farms, increases in revenue would basical.1~ 
come from price changes whereas for the small farms,  increases in revenue 
would come from both price as well as yield changes. This aspect could be the 
main reason why yield terms resulted in significant coefficients for the small 
farms whereas the price terms resulted in significant coefficients for the large 
farms 
Table 8 shows the movement of relative yields for some important crops 
between 1961 and 1976. While small farms could increase their yield levels rela- 
tive to large farms particularly in the case of tea, wheat and pyrethrum, this 
relative gap widened in the case of maize. 
The overall results suggest that a produce price policy alone would be 
inadequate to influence the small farmers' cropped acreage. In addition a com- 
patible and integrated policy regarding provision of input subsidies and credits 
is necessary to affect the small farmers crop yields and hence the cropped 
acreage. The integration of a simultaneous price and input policy in relation to 
specific crops is essential to ensure desired supply. In the past, policymakers in 
Kenya have tended to concentrate on produce price policies especially for basic 
food commodities. This raises one important issue. namely, are the present 
price policies "reasonable". This is not an irrelevant question to ask especially 
when the data, though somewhat scanty they are,  suggest that Kenya exported 
cereals (maize in particular) in the year when per capita availability domesti- 
cally was as low as 277 gms per day in the year (1968) and imported in the year 
when the domestic availabiltiy was relatively as high as 453 grns per day in the 
year (1971). It may seem a t  the outset that  availability was low because of 
exports and h g h  because of imports. However, a deeper understanding sug- 
gests that apart from policy regarding producer price.consumer price and 
trade, a whole lot of issues relating to instit~tional structure seems to dictate 
the pace of Kenyan agricultural development. These aspects are discussed in 
detail elsewhere, Narayana and Shah (1982b). 
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